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. $1^{\mathrm{O}}$ , ( ) [KOY], [KY]
, $2^{\mathrm{o}}$ , [Yo] . , Z–graded Lie algebra
.
$1^{\mathrm{O}}$ .
, $G$ Lie ( ), $\lambda$ $G$ Lie G dominant integal form
(cf. $[\mathrm{G};(7.3.5),$ $(7.3.6),$ $(7.5.8)|$ ) , $\lambda$ V
\rho ’ : $Garrow GL$ (V) . $\mathrm{C}P(V)$ $[\rho_{\lambda}]$
X, ($=$ )[X\mbox{\boldmath $\lambda$}] $X(G, \lambda, V):=[\rho x(G)X,]$
, $\mathrm{L}\mathrm{i}\mathrm{c}\mathrm{h}\mathrm{t}\mathrm{e}\mathrm{n}\mathrm{S}\mathrm{t}\mathrm{e}\mathrm{i}\mathrm{n}[\mathrm{L}]$ Casimir 2
. , $G$ Lie G , \mbox{\boldmath $\lambda$}
. $\rho_{\lambda}$ Ad: $Garrow GL_{\mathrm{C}}(\mathcal{G})$ .
$X(\mathcal{G}):=X$ ( $G$ , Ad, $\mathcal{G}$ )
G . $\mathrm{F}\mathrm{r}\mathrm{e}\mathrm{u}\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{h}\mathrm{a}\mathrm{l}[\mathrm{F}]$ , E. Cartan Chevalley-Shafer
Lie , $\mathcal{G}=E\mathit{8},$ E7, E6, F4 , Killing
2 , metasymplectic geometry .
, Freudenthal Lie $E_{8},$ $E_{7},$ $E_{6},$ $F_{4}$ – , Yamaguti-Asano
[YA], [Al, A2], [Y] 2 Lie $\mathrm{Z}$-gradation
($=\mathrm{S}\mathrm{y}\mathrm{m}\mathrm{p}\mathrm{l}\mathrm{e}\mathrm{C}\mathrm{t}\mathrm{i}\mathrm{C}$ triple system ).
, , Lie G $X(\mathcal{G})$ , Dynkin Killing
, 2
. , Secant variety
(cf. [KOY], [KY]).
, $\epsilon\in \mathrm{C}$ , $Y_{1},$ $Y_{2}\in \mathcal{G}$ , $Y_{1} \bigvee_{\mathcal{E}}Y_{2}\in End\mathrm{C}(\mathcal{G})$
$( \mathrm{Y}_{1}\bigvee_{e}Y_{2})z:=\frac{1}{2}([Y_{1}, [\mathrm{Y}_{2}, Z]]+[Y_{2}, [Y_{1}, Z]])+D(Y_{1}, Z)Y2+D(Y_{2}, Z)Y_{1}-\mathcal{E}D(Y_{1}, Y_{2})z$
. , $\mathcal{H}$ G , $\mathcal{R}$ , $B(\mathrm{Y}, Z)$
, \mbox{\boldmath $\omega$}\in H* , $T_{\omega}\in \mathcal{H}$ $B(T_{\omega}, H)=\omega(H)(H\in \mathcal{H})$
, $\lambda$ , Dynkin Killing
$D(Y, Z):= \frac{B(T_{\lambda},T_{\lambda})}{2}B(Y, Z)$
. , $\pi$ : $\mathcal{G}\backslash \{0\}arrow \mathrm{C}P(\mathcal{G})$ ,
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$W_{\epsilon}:=\{\mathrm{Y}\in \mathcal{G}\backslash \{0\}|\mathrm{Y}\mathrm{v}_{\epsilon}\mathrm{Y}=0\in End\mathrm{c}(\mathcal{G})\}$
.
1-1( $[\mathrm{K}\mathrm{o}\mathrm{Y}$;Thm 3.1], [KY]) (i) $\epsilon\neq 2$ , :
$X(\mathcal{G})=\pi(W_{\mathcal{E}})$ .
$(\mathrm{i}\mathrm{i})\epsilon=2$ , $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}_{\mathrm{C}}\mathcal{G}\geq 2$ , .
:( ) $D(*, *)$ , $\sum\alpha\in \mathcal{R}$ R . \mbox{\boldmath $\omega$}\in H* $D(*, *)$
H D( , $H$) $=\omega(H)(H\in \mathcal{H})$ . $H_{\omega}=2T_{\omega}/B(T_{\lambda}, T_{\lambda})$ . ,
\alpha \in R Xa , $\mathrm{C}^{\cross}:=\mathrm{C}\backslash \{0\}$ , $[X_{\alpha},X_{-^{\alpha}}]=H\alpha$
. , $D(X_{\alpha},X_{-}\alpha)=1$ . ,




$0$ $(\alpha-\lambda\not\in \mathcal{R}, \alpha\neq\lambda)$ ;
$X_{\alpha}$ $(\alpha-\lambda\in \mathcal{R})$ ;
2$X_{\alpha}$ $(\alpha=\lambda)$ ;
$[H_{\lambda}, X_{-\alpha}]=\{$
$0$ $(-\alpha+\lambda\not\in \mathcal{R}, -\alpha\neq-\lambda)$ ;
$-X_{-\alpha}$ $(-\alpha+\lambda\in \mathcal{R})$ ;
$-2X_{-\alpha}$ $(-\alpha=-\lambda)$ .
, $\mathcal{G}$ , \mbox{\boldmath $\lambda$} $D(*, *)$ $H_{\lambda}$
$\mathcal{G}_{i}:=\{\mathrm{Y}\in \mathcal{G}|[H_{\lambda}, Y]=iY\}$ , :
$\mathcal{G}=\sum_{\pm i=0,\pm 12},\mathcal{G}i;\mathcal{G}_{\pm 2}=\mathrm{c}x\pm\lambda$
.
, $Z\in \mathcal{G}$ , Zi\in Gi $Z=\Sigma_{i=-2}^{2}Z_{i}$ , $c\in \mathrm{C}$
$Z_{-2}=cx_{-}\lambda$ , [$H_{\lambda},$ $X_{\pm\lambda}1=\pm 2x\lambda$ ,
$[X_{\lambda}, [X_{\lambda}, Z]]$ $=$ $[X_{\lambda}, [X_{\lambda}, z_{-2}]]=-2cX_{\lambda;}$
$2D(X_{\lambda}, Z)$ $=$ $2D(X_{\lambda},z_{-}2)=2CD(x_{\lambda},X-\lambda)=2c$;
$D(X_{\lambda}, X_{\lambda})$ $=$ $0$ .
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, $(X_{\lambda} \bigvee_{\mathcal{E}\lambda}x)Z=0$ . - , \alpha \in Ad(G) , $(\alpha Y1^{_{\mathcal{E}}\alpha}Y2)\alpha Z=$
$\alpha((\mathrm{Y}_{1}\bigvee_{\mathcal{E}}\mathrm{Y}_{2})Z)$ , $\mathrm{A}\mathrm{d}(G)X_{\lambda}\subset W_{\epsilon}$ . , $X(\mathcal{G})\subseteq\pi(W_{\epsilon})$ .
( $\supseteq$ ) (0) $\epsilon=0$ (cf. [F;\S 38]):
$(0 \frac{-}{}1)\eta$ ,Y2\in Wb $D(\mathrm{Y}_{1},Y_{2})\neq 0$ \alpha \in G , $\alpha[\mathrm{Y}_{1}]=[Y_{2}]$
. t\in C , :
$Z_{1}(t):=(e^{1\mathrm{a}})\mathrm{d}\mathrm{Y}_{2}Y_{1}\sim=Y_{1}+t[Y_{2,1}Y]-t^{2}D(Y_{2},\mathrm{Y}_{1})Y2\in \mathrm{A}\mathrm{d}(G)\mathrm{Y}1$;
$Z_{2}(t):=(e^{t\mathrm{a}})\mathrm{d}\mathrm{Y}_{1}\mathrm{Y}2$ $=\mathrm{Y}_{2}-t[Y_{2},Y1]-t^{2}D(Y_{2},\mathrm{Y}1)Y_{1}\in \mathrm{A}\mathrm{d}(G)Y_{2}$ .
, $z_{1}(1/\sqrt{D(Y_{2},\mathrm{Y}_{1})})=\mathrm{Y}_{1}+[\mathrm{Y}_{2},\mathrm{Y}_{1}]/\sqrt{D(Y_{2},Y_{1})}-Y_{2^{\backslash }}=-Z_{2}(1/\sqrt{D(Y_{2},Y_{1})})$ . ,
$[Z_{1}(1/\sqrt{D(Y_{2},Y_{1})})]=[Z_{2}(1/\sqrt{D(\mathrm{Y}_{2},Y_{1})})]$ . , $[\mathrm{A}\mathrm{d}(G)Y_{1}]=[\mathrm{A}\mathrm{d}(G)\mathrm{Y}_{2}]$ .
$(\propto 2)$ $Y.\in W_{0}$ $[Y]\not\in X(\mathcal{G})$ . (0-1) $X(\mathcal{G})\subset Y^{\perp}$ . ,
$<X( \mathcal{G}).>:=\{\sum C_{i}vi|_{C_{i}\in}.\mathrm{c},v_{i}\in x(\mathcal{G})i=m0’ m=1,2,3, \ldots\}\subseteq Y\perp\neq \mathcal{G}$
, proper . , G , Ad .
, $X(\mathcal{G})\supseteq\pi(W_{0})$ .
(i) $\epsilon\neq 2$ (cf. $[\mathrm{F};(35.4)],$ $[\mathrm{Y}$;p.86, P.16]): $( \mathrm{Y}\bigvee_{\mathcal{E}}Y)Y=(2-\epsilon)D(Y,Y)Y$. ,
$W$. $\subset\{\mathrm{Y}\in \mathcal{G}|D(Y,Y)=0\}$ . , $W_{\epsilon}=W_{0}$ . , (0) $X(\mathcal{G})\supseteq\pi(W_{\epsilon})$
.
(ii) $\epsilon=2$ : $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}\mathrm{c}\mathcal{G}\geq 2$ W2=Wb . (i) , $W0\subset\{Y\in$
$\mathcal{G}|D(Y,Y)=0\}$ , $W_{2}\subset\{Y\in \mathcal{G}|D(Y,Y)=0\}$ . $D(*, *)$ 1 $\mathcal{G}$
, $\mathcal{G}$ $E_{1},$ $\ldots,$ $E_{N}$ $D(E_{i}, E_{j})=\delta ij$
. , $N=\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{c}\mathcal{G}$ . ,
$\sum_{i=1}^{N}D((\mathrm{a}\mathrm{d}Y)^{2}E_{i}, E_{i})=\mathrm{t}\mathrm{r}((\mathrm{a}\mathrm{d}Y)2)=B(\mathrm{Y}, \mathrm{Y})=\frac{2}{B(T_{\lambda},T_{\lambda})}D(Y,Y)$ ;
$\sum_{i=1}^{N}D.(2D(Y, E_{i}.)Y,$ $E_{i})$
.
$=2D(Y, \sum_{i=1}DN..(Y, E_{i})Ei)=2D(Y,Y)$ ;
$\sum_{i=1}^{N}D(-2D(Y,\mathrm{Y})Ei,$ $Ei)=- \sum_{i=1}^{N}2D(Y,Y)D(E_{i}, E_{i})=-2ND(Y,Y)$
, $\Sigma_{i=1}^{N}D((Y\mathrm{V}_{2} Y)E_{i}, E_{i})=2(\frac{1}{B(\tau_{\lambda},T_{\lambda})}+1-N)D(\mathrm{Y},\mathrm{Y})$ . ,
$B(T_{\lambda},T_{\lambda}) \neq\frac{1}{N-1}$ , $W_{2}\subset\{Y\in \mathcal{G}|D(Y,\mathrm{Y})=0\}$ . $(\mathrm{a}\mathrm{d}\mathrm{T}_{\lambda})^{2}$ ,
$\{$
$B(T_{\lambda},\tau_{\lambda})^{2}$ : $2\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{c}\mathcal{G}\pm 2$ $=$ 2;
$B(T_{\lambda}, T_{\lambda})^{2}/4$ : $2\dim_{\mathrm{C}}\mathcal{G}\pm 1$ $=$ : $2n_{1}$ ;
$0$ : $2\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{c}\mathcal{G}0$ $=$ : $n_{0}$
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, $0\neq B(T_{\lambda}, T_{\lambda})=(2+2n_{1}/4)B(\tau_{\lambda}, \tau_{\lambda})^{2}$ , , $B(T_{\lambda}, T_{\lambda})=1/(2+n_{1}/2)$ . ,
$2+n_{1}/2\neq N-1$ , , $3+n_{1}/2\neq N(=2+2n_{1}+n_{0})$ . , $n_{1}=0$
, $\mathcal{G}_{1}=0$ , , $\alpha$ \alpha -\mbox{\boldmath $\lambda$}\not\in R, , $-\alpha+\lambda\not\in \mathcal{R}$
$\mathcal{G}_{-1}=0$ , , $\mathcal{G}=\mathrm{C}x-\lambda+\mathrm{C}H_{\lambda}+\mathrm{C}X_{\lambda}$ , $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}\mathrm{c}\mathcal{G}\geq 2$ . , $n_{1}\geq 1$ ,
, $(-1/2\geq)1-3n_{1}/2\neq n_{0}$ , $3+n_{1}/2\neq 2+2n_{1}+n_{0}(=N)$ . //
, G $A$ , .
$1-2[\mathrm{K}\mathrm{o}\mathrm{Y}]:_{\mathcal{G}As}=1:=\iota(2, \mathrm{C})=\{.\mathrm{Y}\in M(2, \mathrm{c})|\mathrm{t}\mathrm{r}Y=0\}=\mathrm{C}x_{-\lambda}\oplus \mathrm{c}H_{\lambda}\oplus \mathrm{C}Xx\cong \mathrm{c}^{3}$ ;
$X_{\lambda}:=$ , $H_{\lambda}:=,$ $X_{-\lambda}:=.$ .
, [$x_{\lambda},$ $x_{-\lambda}|=H_{\lambda},$ [$H,x_{\pm\lambda}|=\pm 2x_{\pm\lambda}$ . $Y=\xi X_{\lambda}+\eta H+\zeta X_{-\lambda}=$
$(X_{-\lambda}, H_{\lambda}, X_{\lambda})$ $Y \bigvee_{S}Y$ , $(2-\epsilon)D(Y, Y)$ :
$(Y \bigvee_{\mathcal{E}}Y)(X_{-\lambda}, H\lambda,X_{\lambda})=(X-\lambda, H_{\lambda},x\lambda)(2-\epsilon)D(Y, Y)$ .
, Al X(Al) , – \mbox{\boldmath $\pi$}(Y) $=(\xi$ : $\eta$ : $()$
$\in \mathrm{C}P_{2}=\mathrm{C}P(s\downarrow(2, \mathrm{C}).\cdot.).\text{ }$
, 2 Q: $=\{(\xi:\eta:\zeta)\in \mathrm{C}P_{2}|\eta^{2}+\xi\zeta=0\}\subset \mathrm{C}P_{2}$ :
$X(A_{1})=\pi(\{\mathrm{Y}\in sl(2, \mathrm{C})|D(Y,Y)(=2\det Y)=0\})=Q$ .
$1- 3[\mathrm{K}\mathrm{Y}]$ : $\mathcal{G}=A_{n}=sl(n+1, \mathrm{c})=\{Y\in M(n+1, \mathrm{c})|\mathrm{t}\mathrm{r}Y=0\}$
$X(A_{n})$ $=\pi(\{Y\in sl(n+1, \mathrm{C})|\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}Y=1\}$
$=$ $\pi$ ( $\{\mathrm{Y}\in sl(n+1,$ $\mathrm{C})$ IY 2 $=0\}$).
: . $\mathcal{H}=\{\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(\backslash a0, \ldots, an)|\Sigma_{i=}^{n}\mathrm{o}ia=0\},$ $H_{\lambda}:=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(1, \mathrm{o}, \ldots,0, -1)$ ,
$X_{\lambda}:=E_{1,n+}1,$ $x_{-\lambda}:=E_{n+1},1$ . , Ei,’ ( ) 1 ,
$0$ $n+1$ . $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}X_{\lambda}=1$ , $\alpha\in SL(n+1, \mathrm{C})$
$\mathrm{A}\mathrm{d}(\alpha)Y=\alpha Y\alpha-1$ rankY , $\subseteq$ . , rankY $=1$
. , Y $0$ , $\mathrm{t}\mathrm{r}Y=0$
1 , Jordan , rankY $\geq 2$ . ,






, $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}_{\mathrm{C}}\mathcal{G}\geq 2$ . , :
$(^{*})\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{c}\mathcal{G}\pm 1\neq 0;l^{\mathrm{a}\prime}\supset$
$(^{**})$ symplectic < $*,$ $*>’:\mathcal{G}_{-1}\cross \mathcal{G}_{-1}arrow \mathrm{C};(Y_{1}, Y_{2})\mapsto<Y_{1},Y_{2}$ >’ ,
$[Y_{1}, Y_{2}]=<Y_{1},$ $Y_{2}>’$ ( [Al; 211, 2 .3], [A2; 1, 5], Yamaguti-
$\mathrm{A}\mathrm{s}\mathrm{a}\mathrm{n}\mathrm{o}$ [$\mathrm{Y}\mathrm{A}$ ; Thm.2] $)$ .
-1( ) (0) $\mathrm{a}\mathrm{d}x_{\pm\lambda}$ : $\mathcal{G}_{-(\pm 1)}arrow \mathcal{G}\pm 1$ , $[X_{\lambda}, x_{-\lambda}]=H_{\lambda}\mathrm{g}$
Jacobi , $\mathrm{a}\mathrm{d}X_{-\lambda^{\circ}}\mathrm{a}\mathrm{d}X_{\lambda}=\mathrm{i}\mathrm{d}_{\mathcal{G}_{-}}1$ , $\mathrm{a}\mathrm{d}X_{\lambda}$ $\mathcal{G}_{-1}$ . ,
$[Y, X_{\lambda}]\in[X_{\lambda}]:=\mathrm{c}X_{\lambda}\Leftrightarrow Y\in \mathcal{G}+:=\mathcal{G}0+\mathcal{G}_{1}+\mathcal{G}_{2}$ .
, $G$ $P_{+}:=\{\alpha\in G|[(\mathrm{A}\mathrm{d}\alpha)x_{\lambda}]=[X_{\lambda}]\}$ Lie , G Lie
$\mathcal{G}_{+}$ . $G$ $X(\mathcal{G})$ , Lie Ad $G$
[$\mathrm{G};\mathrm{p}.255,$ $(6.1.3)$ , 3), Proof] , , $0\in \mathcal{G}_{-2}+\mathcal{G}_{-1}$
, $[gX_{\lambda}]\in X(\mathcal{G})$ :
$\zeta_{\mathit{9}}:.\mathcal{G}_{-}2+\mathcal{G}_{-}1arrow X(\mathcal{G});z’\mapsto[\hat{\zeta}_{\mathit{9}}(z^{;},x\lambda)]$ .
, $\hat{\zeta}_{g}$ : $\mathcal{G}\cross \mathcal{G}arrow \mathcal{G};(Z’,Y’)-\succ e^{\mathrm{a}\mathrm{d}((g})Z’)(\mathrm{A}\mathrm{d}\mathrm{A}\mathrm{d}g)Y^{;}$ . ,
$X(\mathcal{G})=G/P+$ $[\mathrm{G};\mathrm{p}.301, (6.8.1)]$ , [M2; p.226 , P.206-3)].
(i)( ) $X(\mathcal{G})$ G- X(G) $\cross$ G
T+X $(\mathcal{G})$
$X( \mathcal{G})\cross \mathcal{G}arrow T_{+}X(\mathcal{G});([(\mathrm{A}\mathrm{d}g)X_{\lambda}],Y)\mapsto Y_{[()}^{*}\mathrm{A}\mathrm{d}gX_{\lambda}]=\frac{\mathrm{d}[e^{t\mathrm{a}\mathrm{d}\mathrm{Y}}(\mathrm{A}\mathrm{d}g)x_{\lambda}]}{\mathrm{d}\mathrm{t}}|_{t=0}$
. ,
$((\mathrm{A}\mathrm{d}g)Y)^{*}[(\mathrm{A}\mathrm{d}g)X_{\lambda}]=0$
$\Leftrightarrow$ $(d_{(\mathrm{A}\mathrm{d}g})x\lambda\pi)$ [ $(\mathrm{A}\mathrm{d}g)Y$, (Ad $g)X_{\lambda}$ ] $=0$
$\Leftrightarrow$ [ $(\mathrm{A}\mathrm{d}g)Y$, (Ad $g)X_{\lambda}$ ] $\in[(\mathrm{A}\mathrm{d}g)X_{\lambda}]\Leftrightarrow Y\in \mathcal{G}+$
, $K:=$ { $([(\mathrm{A}\mathrm{d}g)x_{\lambda}|$ , (Ad $g)Y)\in X(\mathcal{G})\cross \mathcal{G}|Y\in \mathcal{G}+,g\in \mathcal{G}$} , O-section $0$
. ,
$0arrow Karrow X(\mathcal{G})\cross \mathcal{G}arrow T_{+}X(\mathcal{G})arrow 0$
, $X(\mathcal{G})$ . , $T_{+}X(\mathcal{G})$ , (X $(\mathcal{G})\cross$
$\mathcal{G})/K$ .
(ii)(E ) $\tilde{E}:=$ { $([(\mathrm{A}\mathrm{d}g)X_{\lambda}]$ , (Ad $g)Y)|g\in G,$ $Y\in \mathcal{G}_{-1}+\mathcal{G}_{+}$ } . ,
$X(\mathcal{G})$ $\cross$ G . , \alpha \in P+
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(Ad $(g\alpha)$ ) $(\mathcal{G}_{-}1+\mathcal{G}+)=(\mathrm{A}\mathrm{d}g)(\mathcal{G}_{-}1+\mathcal{G}_{+})$
, $[(\mathrm{A}\mathrm{d}\mathit{9})x_{\lambda}]$ fiber , $X$ (G) $\cross$ G fiber –
(Ad $g$) $(\mathcal{G}_{-1}+\mathcal{G}_{+})$ . , g\in G , $0\in \mathcal{G}_{-2}+\mathcal{G}_{-1}$ $U$
, (0) \mbox{\boldmath $\zeta$}g U
$-$
$\zeta_{g}$ : $Uarrow X(\mathcal{G});z’\mapsto\zeta_{g}(Z’)$
$[(A\mathrm{d}^{g})x_{\lambda}]$ . , ,
:
$(_{g}$ :$\tilde{E}|_{\zeta \mathit{9}(U)}\simarrow\zeta_{g}(U).\cross(\mathcal{G}-1+\mathcal{G}+);(\zeta \mathit{9}(Z’),\hat{\zeta}_{g}(Z’,Y’))\mapsto(\zeta_{g}(Z’), Y’)$ .
(iii) (E ) $\tilde{E}$ K , $0arrow$
$Karrow\tilde{E}$ . , E:=E\tilde /K . , (i) ,
.
$(\mathrm{i}\mathrm{v})$ ( $\gamma_{\mathrm{g}}$ ) $\gamma:X(\mathcal{G})\cross \mathcal{G}arrow \mathrm{C};([(\mathrm{A}dg’)x_{\lambda},Y;)\mapsto D((\mathrm{A}\mathrm{d}g’)x\lambda,Y’)$ , .
. $-|(\mathrm{A}\mathrm{d}g’)X_{\lambda}]$ (Ad $g’$) $X_{\lambda}$ ,
. , g\in G , (iii) $[(\mathrm{A}\mathrm{d}g)x_{\lambda}]$ (g : $Uarrow X(\mathcal{G})$
U ,
$\gamma_{g}$ : $\zeta_{g}(U)\cross \mathcal{G}arrow \mathrm{C};(\zeta_{g}(Z’), Y’)\mapsto D(\hat{\zeta}_{g}(Z’), Y’)$
, $\zeta_{g}(\mathrm{O})=[(\mathrm{A}dg)x_{\lambda}]\in X(\mathcal{G}))$ 6(U) , $X(\mathcal{G})\cross \mathcal{G}$
1- . ,
$X_{\lambda}^{\perp}:=\{Y\in \mathcal{G}|D(Y, x_{\lambda})=0\}=\mathcal{G}_{-1}+\mathcal{G}_{+}$ .
, $((\mathrm{A}\mathrm{d}g)x_{\lambda})^{\perp}=(\mathrm{A}\mathrm{d}g)(\mathcal{G}_{-}1+\mathcal{G}_{+})$ . , $\mathrm{k}\mathrm{e}\mathrm{r}(\gamma_{g})=\tilde{E}|_{\zeta_{g}(}u)$ .
(V)(\mbox{\boldmath $\gamma$}E ) $K\subset\tilde{E}$ , $\gamma_{g}$ , $(X(\mathcal{G})\cross \mathcal{G})/K|_{\zeta_{g(U)}}=T_{+}X(\mathcal{G})|_{\zeta Q}(U)$
1 , , $X(\mathcal{G})$ $(1, 0)- \text{ }\gamma \mathit{9}E$ . ,
$E|_{\zeta_{\mathit{9}}(U)}=\tilde{E}/K|_{\zeta(U)}\mathit{9}=\mathrm{k}\mathrm{e}\mathrm{r}\gamma_{g}/K|_{\zeta(U)}g=\mathrm{k}\mathrm{e}\mathrm{r}\gamma_{g}^{E}|\zeta_{g}(U)$ .
$(\mathrm{v}\mathrm{i})$ ( $d\gamma_{\mathit{9}}^{E}$ ) $x’,y’\in E|_{[(\mathrm{d}_{\mathit{9})}}\mathrm{A}x\lambda$] $(\subset T_{+}X(\mathcal{G})|_{[(\mathrm{A}\mathrm{d}g})x_{\text{ }}1)$ ,
$((\mathrm{A}\mathrm{d}g)X’)*|[(\mathrm{A}\mathrm{d}g)\mathrm{x}_{\lambda}]=x’,$ $((\mathrm{A}\mathrm{d}g)Y^{J})*|_{[(g)]}\mathrm{A}\mathrm{d}\mathrm{x}_{\lambda}=y’$









, $Z’Z”\in U$ ,
$\gamma_{g}^{E}(((\mathrm{A}\mathrm{d}g)z\prime\prime)^{*})|\zeta g(Z’)\sim=\gamma_{g}$ ($\zeta_{g}(Z’)$ , (Ad $g)Z”$) $=D$ ( $\hat{\zeta}_{g}(Z’)$ , (Ad $g)Z”$).
,
$-\gamma_{g}^{E}([((\mathrm{A}\mathrm{d}g)X’)*, ((\mathrm{A}dg)Y^{J})^{*}])|_{(\mathrm{A}}\mathrm{d}g)X_{\lambda}$ $=$ $-\gamma_{g}^{E}$ ( $-[(\mathrm{A}dg)X’$ , (Ad $g)Y’]*$ ) $|\zeta_{g}(0)$
$=$ $-D$ ( $\hat{\zeta}_{g}(\mathrm{o}),$ $-[(\mathrm{A}dg)X’$ , (Ad $g)Y’]$ )
$=$ $D$ ( $(\mathrm{A}\mathrm{d}g)x_{\lambda},$ $[(\mathrm{A}dg,$$)X’$ , (Ad $g)Y’]$ )
$=.D(X_{\lambda}, [x’,Y’])$ ;
$-((\mathrm{A}\mathrm{d}g)Y’)*(\gamma_{g}^{E}((\mathrm{A}\mathrm{d}g)x’)*)|(\mathrm{A}\mathrm{d}g)X_{\lambda}$ $=$ $- \frac{d}{dt}|_{t=}0\gamma_{\mathit{9}}(E((\mathrm{A}\mathrm{d}g)x’)^{*})|e(\mathrm{A}\mathrm{d}g)Y’)(\mathrm{A}\mathrm{d}g)t\mathrm{a}\mathrm{d}(X_{\lambda}$
$=$ $- \frac{d}{dt}|t=0\gamma_{gg)}.(((\mathrm{A}E\mathrm{d}g)X’)^{*})|_{\zeta_{\mathit{9}}}(t(\mathrm{A}\mathrm{d}\mathrm{Y}’)$
$=$ $- \frac{d}{dt}|_{t=0^{D(\hat{\zeta}_{\mathit{9}}}}(t(\mathrm{A}\mathrm{d}g)Y’)$ , (Ad $g$) $X’)$
$=$ $- \frac{d}{dt}|_{t=0^{D}}(e)i$
($\mathrm{A}\mathrm{d}g\mathrm{Y}’$ (Ad $g$) $X_{\lambda}$ , (Ad $g)X’$)
$=$ $-D$ ( $[(\mathrm{A}\mathrm{d}g)Y’$ , (Ad $g)X_{\lambda}]$ , (Ad $g)X’$)
$=$ $-D([Y’,x_{\lambda}],x’)=-D([x^{J},Y’], x_{\lambda})$ ;
$((\mathrm{A}\mathrm{d}g)X’)^{*}\gamma_{g}(E((\mathrm{A}\mathrm{d}g)Y’)*)|(\mathrm{A}\mathrm{d}g)\mathrm{x}_{\lambda}$ $=$ $D([Y’,X’], x\lambda)=-D([X’,Y’], x\lambda)$ .
, $d\gamma_{g}^{E}(X’’, y)=-D([x’, \mathrm{Y}’],X_{\lambda})=-<X’,Y’>D’(x-\lambda,x\lambda)=-<X’,Y’’>$ .
$(^{**})$ , . //
2 Lie $\mathcal{G}$ , (X $(\mathcal{G}),$ $E$) ,
$\mathrm{A}\mathrm{d}(G)$ $E$ , ( ) .
2-2. $(X(\mathcal{G}), E)$ contact line bundle $L_{E}:=T_{+}X(\mathcal{G})/E$ ,
very ample .
: $w\in \mathrm{C}P(\mathcal{G})$ , $X\in \mathcal{G}\backslash \{\mathrm{o}\}$ $w=[X](=\pi(x))$ ,
$w^{\#}:=\{cx|c\in \mathrm{C}\mathrm{f}$
&k‘ $\text{ }$ . Hopf’s canonical line bundle $F:=\{(w, Z)\in \mathrm{C}P(\mathcal{G})\cross \mathcal{G}|Z\in w\}\#\text{ }X(\mathcal{G})\text{ }q)$
pull-back
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$F//X(\mathcal{G})=\{(w, Z)\in X(\mathcal{G})\cross \mathcal{G}|Z\in w\}\#\{=([(\mathrm{A}\mathrm{d}g)X\lambda], C(\mathrm{A}\mathrm{d}g)x_{\lambda})|g\in \mathrm{G}, c\in \mathrm{C}\}$
$F^{*}//X(\mathcal{G})$ , very ample (cf. $\mathrm{M}\mathrm{a}\mathrm{t}_{\mathrm{S}}\mathrm{u}\mathrm{s}\mathrm{h}\mathrm{i}\mathrm{m}\mathrm{a}[\mathrm{M}1$ ;p.56Prop 64]).
:
. $X(\mathcal{G})\cross \mathcal{G}arrow F^{*}//X(\mathcal{G});(w’,\mathrm{Y})\mapsto Y_{w}^{D}$ : $(w’, z’)\mapsto D(Y, z’)$ .
$w’=[(\mathrm{A}\mathrm{d}g’)X_{\lambda}]$ ,
$\mathrm{Y}_{w}^{D},$ $=0\Leftrightarrow D(Y, c(\mathrm{A}\mathrm{d}g)\prime x\lambda)=0\backslash \Leftrightarrow Y\in(\mathrm{A}dg’)(\mathcal{G}_{-1}+\mathcal{G}_{+})$
. , :
$0arrow\tilde{E}arrow X(\mathcal{G})\cross \mathcal{G}arrow F^{*}//X(\mathcal{G})$
. ,
$F^{*}//x(\mathcal{G})\cong\{X(\mathcal{G})\cross \mathcal{G}\}/\tilde{E.}\cong\{(X(\mathcal{G})\cross \mathcal{G})/K\}/\{\tilde{E}/K\}\cong T+X(\mathcal{G})/E=L_{E}$
. , $L_{E}$ very ample . //
2-3( $\mathrm{B}_{\mathrm{o}\mathrm{o}\mathrm{t}\mathrm{h}}\mathrm{b}\mathrm{y}[\mathrm{B}1$ , B2]). ,
, .
2-4. $(X, E)$ contact line bundle $L_{E}:=T+x/E$
, very ample .
, .
2-5( $[\mathrm{Y}\mathrm{o}$; Thm 2]). $(Z, E)$ contact line bundle
$L_{E}$ :=T+Z/E very ample , $(Z,E)$ , .
:(i) (Very ample ) LE very ample . \Sigma : $Zarrow$
$\mathrm{C}P_{N}$ , $\mathrm{C}P_{N}$ Hopf’s canonical line bundle F $F^{*}$ \Sigma pull-back
$\Sigma^{*}F^{*}$ $L_{E}$ , Z [Ml; (5.6), (6.5)]: $\Sigma*F*\cong L_{E}$ .
, :
$\Sigma^{*}F:=\{(u,v)\in Z\cross F|v\in F|_{\Sigma(u)}\}\congarrow L_{E}*$.
: $\Sigma^{*}Farrow F;(u,v)\mapsto v$
$\tilde{\Sigma}$ : $L_{E}^{*}arrow F$
. , fiber , 1 ,
, $\mathrm{C}^{\cross}$ , $\mathrm{C}^{\cross}$ . , non-zero
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$(L_{E}^{*})^{\mathrm{x}}:=L_{E}^{*}\backslash \{\mathrm{o}\},$ $F^{\mathrm{X}}:=F\backslash \{0\}$ . , $F^{\cross}=\mathrm{c}^{N+1}\backslash \{\mathrm{o}\}$ .
, $(L_{E}^{*})^{\mathrm{x}}$ fiber – $\mathrm{C}^{\mathrm{x}}$- $R_{a}(a\in \mathrm{C}^{\mathrm{x}})$
, $\mathrm{C}^{\cross}$ - . , $R_{a}$ 1 :
$\tilde{\Sigma}$ : $(L_{E}^{*})^{\mathrm{x}}arrow \mathrm{c}^{N+1}\backslash \{0\};\tilde{\Sigma}(R_{a}w)=a\tilde{\Sigma}(w)(a\in \mathrm{C}^{\cross})$ .
(ii) (Symplectification ) - , $\hat{\pi}$ : $(L_{E}^{*})^{x}arrow Z$ , $\phi$ : $T_{+}(L_{E}*)^{\cross}arrow(L_{E}^{*})^{\mathrm{x}}$
, $\varpi_{E}$ : $T_{+}Zarrow.L_{E}(=\tau_{+}Z./E)$ , $(L_{E}^{*}.)^{\cross}$ $(1, 0)$- $\theta_{E}$
:
$\theta_{E}(X):=\phi(X)(\varpi_{E}((d\hat{\pi})X))(X\in T_{+}(L_{E}*)^{\mathrm{x}})$.
Z $\mathrm{C}^{8}$ - $(1, 0)$- $((L_{E}^{*})^{\cross}, \theta B).\text{ }$ ,
:
(S. 1) $\theta_{E}(X)=0(X\in T_{+}(L_{E}^{*})^{x}),$ $(d\hat{\pi})X=0)$ ;
$(S.2)$ $R_{a}^{*}\theta_{E}=a\theta_{E}(a\in \mathrm{c}^{\mathrm{x}})$ ;
$(S.3)$ $d\theta_{E}$ , $(L_{E}^{*})^{\cross}$ symplectic $(2, 0)$- .
$(S.3)$ , w $\in(L_{E}^{*})^{\cross}$ , : $(T_{+}(L_{E}^{*})^{\cross})|warrow(T_{+}^{*}(L_{E}^{*})\mathrm{x})|_{w};x\mapsto-\iota_{X}d\theta_{E}$ ,
, I: $T_{+}(L_{E}*)^{\cross}arrow T_{+}^{*}(L_{E}*)^{\cross}$ .
$H$ : $T_{+}^{*}(L_{E}*)^{\cross}arrow T_{+}(L^{*})^{\cross}E;$ $\omega\mapsto H(\omega);-b_{H()}d\theta_{E}=\omega\omega$
. , $(L_{E}^{*})^{\mathrm{x}}$ 1
$ho\iota_{1}((L*)^{\mathrm{X}}E):=$ { $f:(L_{E}^{*})^{\cross}arrow \mathrm{C}|f$ , $f(R_{a}w)=af(w)(a\in \mathrm{C}^{\cross},w\in(L_{E}^{*})^{\cross})$ }
, f\in $ho\iota_{1}((L*)^{\mathrm{X}}E)$ , $d\theta_{E}$ Hamiltonian $H_{f}:=H(df)$
. , :
$(S.4)$ $X_{f}:=Re((d\hat{\pi})H_{f})$ , . $(Z,E)$ , (
)Z (global) $Aut(Z, E)$ , , $E$ .
(iii) ( ) $(z_{0}, \ldots, z_{N})$ $\mathrm{C}^{N+1}$ . i $=0,$ $\ldots$ , N ,
$f_{i}:=z_{i^{\circ}}\tilde{\Sigma}\in h,ol_{1}((L_{E}^{*})^{\cross})$ . $\tilde{\Sigma}$ , w
$d_{w}\Sigma\sim\cdot$. $(\tau_{+}(L_{E}^{*})^{\mathrm{x}})|_{w}arrow(\tau_{+}(\mathrm{c}^{N+}1\backslash \{0\}))|\sim\Sigma(w)$ ;
. ,
$\tilde{\Sigma}_{w}^{*}$ : $(T^{*}+(\mathrm{c}N+1\backslash \{0\}))|\sim\Sigma(w)arrow(T_{+}(L_{E}^{*})\mathrm{x})|w;\omega\mapsto\omega\circ d_{w}\tilde{\Sigma}$
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. , $\{df_{i}=\tilde{\Sigma}^{*}(dzi)|i=0, \ldots, N\}$ , $\mathrm{C}$ $(T_{+}^{*}(L_{E}^{*})^{\cross})|$ . ,
$H$ : $(T_{+}*(L^{*}E)^{\mathrm{x}})|_{w}arrow(T_{+}(L_{E}^{*})^{\cross})|_{w};\omega\mapsto H(\omega)$
, $\{H_{f}.\cdot=H(df_{i})|i=0, \ldots, N\}$ , (TTT+(LE*)x)l .
, $\{X_{f_{i}}=Re((d\hat{\pi})H_{f}.\cdot)|i=0, \ldots, N\}$ , $T_{\hat{\pi}w}Z$ . , Lie
$Aut(z, E)$ , Z . Z , $Aut(z, E)$ , Z
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